Abstract. Quantum systems out of equilibrium offer the possibility of understanding intriguing and challenging problems in modern physics. Studying transport properties is not only valuable to unveil fundamental properties of quantum matter but it is also an excellent tool for developing new quantum devices which inherently employ quantum-mechanical effects. In this contribution, we present our experimental studies on quantum transport using ultracold Fermi gases of 6 Li atoms. We realize the analogous of a Josephson junction by bisecting fermionic superfluids by a thin optical barrier. We observe coherent dynamics in both the population and in the relative phase between the two reservoirs. For critical parameters, the superfluid dynamics exhibits both coherent and resistive flow due to phase-slippage events manifesting as vortices propagating into the bulk. We uncover also a regime of strong dissipation where the junction operation is irreversibly affected by vortex proliferation. Our studies open new directions for investigating dissipation and superfluid transport in strongly correlated fermionic systems.
INTRODUCTION
Since more than thirty years the study of quantum effects on transport has been a valuable tool to unveil fundamental properties of quantum matter. While the understanding of transport properties in solids has been a central topic in quantum mechanics, the discovery of new materials is posing new challenges [1] . The study of dynamical properties of strongly interacting quantum systems is critical to applications. It is considered the key to the design of new nanodevices with specific functionalities and whose operation is based on quantum-mechanical effects. This technological potential has generated the necessity of developing effective and accurate theoretical tools to optimize their performance [2] . However, many open questions are still awaiting for a complete solution: the out-of-equilibrium properties of strongly interacting quantum particles are understood only in few scenarios. For these reasons, there is the quest for versatile systems to help design, predict and optimize the performance of these quantum devices. In the last decade, ultracold atomic systems have emerged as ideal quantum platform to investigate condensed matter models and for the investigation of quantum transport [3] . In this context, atomic Fermi gases represent an ideal framework, mimicking the complex behavior of electrons in materials [4] . One main peculiarity that makes such systems so interesting is their unprecedented tunability. In particular, by means of Feshbach resonances it is possible to tune the native attractive two-body interactions from weak to strong. This has allowed to investigate for the first time the smooth crossover from Bose-Einstein condensation of tightly bound molecules to Bardeen-Cooper-Schrieffer (BCS) superfluidity of long-range weakly bound Cooper pairs. Ultracold Fermi gases represent therefore the natural platform to perform transport experiments, extending the cold atoms based quantum simulation into the domain of quantum electronic devices [5] .
In this work, we report on the first observation of the Josephson effect between strongly correlated fermionic superfluids of 6 Li atoms. The Josephson effect is a paradigmatic example of quantum transport and a pristine quantum phenomenon that reveals the broken symmetry associated with any condensed state [6, 7] . Josephson junctions are unique physical objects that allow not only to probe quantum phase coherence but also the study of dissipation-driven quantum phase transitions [8] . iϕ i (denoted by the red lines) and relative phase ϕ = ϕ L − ϕ R are weakly coupled through a thin barrier. Each phase ϕ i is assumed to be uniform within each superconductor. Despite the exponentially suppression of the order parameter in the insulating region, a finite Josephson coupling E J may be established by the wavefunctions overlap (yellow region), giving rise to a net supercurrent between the two superconductors.
Brief Introduction To The Josephson Effect.
A Josephson junction consists of two superconducting metals in contact through a few nanometer wide insulating barrier, as sketched in Figure 1 . For this configuration, the British physicist B. D. Josephson predicted a remarkable phenomenon [9] : a supercurrent (non dissipative) of Cooper pairs, I s = I C sin(ϕ) should flow between the two superconductors even without an applied voltage, once the relative phase ϕ = ϕ L − ϕ R is constant (here, i = L, R indicates the left and the right superconductor, respectively). He also proposed that, in the presence of a voltage difference V, ϕ would evolve according to dϕ/dt = 2eV/ , leading to an alternating current across the junction I s = I C sin(2eV/ × t), with amplitude I C and frequency ν = 2eV/h. These two effects are known as dc and ac Josephson effects, respectively. They have been demonstrated in many different experiments in the last decades [6] . I C is the maximum critical current that can flow through the junction [7] . It is related to the Josephson tunneling energy E J , by E J ≡ I C /2e, the microscopic quantity that measures how strongly coupled are the phases of the superconductors within the barrier region. Being based on quantum interference, the Josephson effect reveals fundamental aspects of any condensate state. As pointed out by the Nobel Laureate P. W. Anderson: "The importance of the Josephson effect, then, is that it provides for the first time an instrument which can act like a clamp for a solid or a coercive field for a ferromagnet: it can pin down the order parameter" [10] . The observation of the Josephson effect is therefore not limited to superconducting metals but it has been demonstrated in a wide variety of fermionic and bosonic superfluids, from liquid Helium to atomic Bose-Einstein condensates and polaritons [11, 12, 13, 14, 15, 16, 17] . The essential parameters characterizing a Josephson junction are the differences of condensed pair numbers ∆N = N L − N R and of quantum phases ϕ between the two superconducting reservoirs. These two quantities play the role of conjugate quantum variables as postulated by P. W. Anderson [10] , in close analogy with quantum optics where photon numbers and field phases are quasi-conjugate variables. The Josephson relations can be derived from very general considerations in the so-called two-mode approximation introduced by R. Feynman and they are valid for any pair of weakly linked condensates [18] . In particular, they can be obtained as the equations of motion of the pendulum Hamiltonian:
where E J was defined above, ∆N/2 = (N L − N R )/2 is the number of transferred pairs and E C = 2e 2 /C is the charging energy with C the electrostatic capacitance of the junction. In the case of the atomic systems investigated in this contribution, E J ≡ I C and E C is the capacitive energy due to the interactions between the particles that can be extracted by the equation of state of the trapped gases.
Realizing A Josephson Junction Between Ultracold Fermionic Superfluids.
In our experiment, we realize the analogous of a Josephson junction by bisecting fermionic superfluids of 6 Li atom pairs into two weakly coupled reservoirs by focusing onto the atomic cloud a strongly anisotropic laser beam at 532 nm [19] . This configuration produces a repulsive sheet of light, which splits the cloud in two parts (see Figure 2 (a)). At the trap center, the beam is Gaussian-shaped with a 1/e 2 waist of 2.0 ± 0.2 µm and 840 ± 30 µm along the x and y directions, respectively. This size is just few times wider than the superfluid coherence length [19] . Since the barrier is almost homogeneous along the y and z directions on the scale of the atomic sample, the total optical potential acting on the pairs can be approximated as:
where w is the waist along the x direction, M = 2m is the mass of an atomic pair and V 0 is the barrier height. This can adjusted in a controlled way by changing the power of the barrier beam. We produce fermionic superfluids of N 10 5 atom pairs by cooling a balanced mixture of the two lowest spin states of 6 Li, |F = 1/2, m F = ±1/2 (labeled as |1 and |2 ) to T/T F 0.1 [20] . Here, T F 300 nK is the Fermi temperature, k B T F = E F = (6Nω x ω y ω z ) 1/3 , where k B and = h/(2π) are the Boltzmann and reduced Planck constants, while (ω x , ω y , ω z ) 2π × (14, 140, 160) Hz are the trapping frequencies. The optical dipole trap is formed by two laser beams crossing horizontally with an angle of 14
• : the primary beam has a wavelength λ 1 = 1064 nm and a beam waist w 1 45 µm, while the secondary beam has a wavelength λ 2 = 1070 nm and it is elliptic with beam waists w 2 45 µm and w 2 100 µm. The position of the secondary trapping beam can be finely adjusted allowing for the displacement of the total trapping potential center along the axial direction. Interactions between fermions are parametrized by 1/(k F a), where a is the s-wave scattering length and k F is the Fermi wave-vector defined by E F = 2 k 2 F /(2m), with m being 6 Li atomic mass. The scattering length between the two spin states is tuned via a broad Feshbach resonance at 832 G [21] . The possibility of controlling the interactions close to a Feshbach resonance makes 6 Li Fermi gases unique systems where to explore many-body phenomena. In particular, it allows for the investigation of the famous BEC-BCS crossover that connects the two paradigmatic regimes of superfluidity: Bose-Einstein condensation (BEC) of composite dimers, and Bardeen-Cooper-Schrieffer (BCS) superfluidity of long-range fermion pairs [4] . By tuning the s-wave scattering length between fermions from negative to positive, it is possible indeed to vary the size of fermion pairs smoothly, from being much larger than the mean inter-particle spacing (in the BCS limit) up to the small size of a molecular bound state in the BEC limit. The binding energy of the fermion pairs changes in similar fashion: in the BCS limit it is very small (exponentially small with respect to the Fermi energy of the system), while it increases reaching the binding energy of a molecule in the BEC limit, E b ∼ 2 /(ma 2 ). At the Feshbach resonance center, the scattering length diverges (1/k F a = 0): the bound state for two isolated particles vanishes while the pair size approaches the mean inter-particle distance, 1/k F . More precisely, when 1/k F a = 1 the two-body bound state does not play any role and the pairing becomes a pure many-body effect. Here, the chemical potential turns from negative (Bose gas), to positive (Fermi gas). Accordingly, the nature of single-particle excitations changes, and the fermionic nature of the gas becomes relevant (as it is natural for the BCS state). In the crossover regime of diverging scattering length, the gas properties depend on the de Broglie wavelength λ dB ∝ 1/ √ T and on the gas density related to the Fermi energy E F . This regime is called unitary or universal. The thermodynamics properties of the gas, such as energy, pressure or compressibility are given by the ones of an ideal, non-interacting Fermi gas multiplied by the Bertsch parameter ξ, whose value was found experimentally ξ 0.37. In the experiments described below, we will explore different regimes of superfluidity across the Feshbach resonance, in particular, (i) a molecular BEC at 1/(k F a) 4, (ii) a unitary fermionic superfuid at 1/(k F a) 0, and (iii) a BCS superfluid at 1/(k F a) −0.6.
Josephson Effect In Fermionic Superfluids Across The BEC-BCS Crossover
We drive the system dynamics by creating a non-zero initial population
where N = N L + N R is the sum of the pair populations of the two wells. The imbalance z 0 corresponds to a chemical potential difference ∆µ 0 = µ L − µ R across the junction, resembling the applied bias voltage at the terminals of ordinary superconducting junctions. This is achieved by the following procedure. We adiabatically raise the optical barrier just before the end of the evaporation sequence when a superfluid has already formed. We keep the center of the harmonic trap conveniently shifted with respect to the barrier position. Subsequently, by finely adjusting the horizontal position of the focus of the secondary trapping beam, the harmonic trap center is superimposed to the barrier position to obtain an overall symmetric double-well potential. During this procedure V 0 is kept well above the value of the gas chemical potential µ at equilibrium to completely suppress particle tunneling and preserve the desired target imbalance between the two reservoirs. The value of the initial imbalance z 0 can be controlled by varying the initial relative displacement of the harmonic trap center. Finally, the dynamics starts by rapidly lowering V 0 to the target value in 5 ms. We monitor the evolution of the population imbalance z(t), equivalent to the current of electron pairs in real Josephson junctions. We initially investigate the regime of small initial imbalances z 0 ∼ 0.03, i.e. ∆µ 0 /µ ∼ 0.02 and barrier heights V 0 larger than µ for all the superfluid regimes investigated. The values of the chemical potentials are determined by the measured trap frequencies, atom number and the value of the s-wave scattering length. As we have seen above, the system Hamiltonian may be written in terms of only two macroscopic dynamically conjugate variables, the relative phase and the relative population. In the limit of small excitations and for E C , k B T E J , the Hamiltonian (1) can be further approximated to:
The Hamiltonian (3) rules the dynamics of a non-linear oscillator in which momentum p and position x are substituted by ∆N and ϕ. The dynamics across the junction is completely determined by the competition of E C and E J [22, 23, 24] . When tunneling dominates z and ϕ undergo Josephson plasma oscillations, out of phase from each other by π/2, at a plasma frequency ω J that is not depending on the initial imbalance z 0 and given by ω J = √ E J E C where is the reduced Planck constant. We confirm this expectation by studying the time evolution of both z and ϕ by in-situ and time-of-flight absorption imaging, respectively (see Figure 2(b)-(c) ). The relative phase dynamics is extracted by observing the interference fringes arising from the two expanding clouds after a time of flight of typically 15 ms. In particular, ϕ is extracted by fitting the resulting interferogram by a 2D Gaussian, modulated by a cosine function leaving the phase as a free parameter. While in the BEC side of the resonance, we can measure the relative phase at the same magnetic field at which the dynamics of the imbalance is observed, to determine it in the unitary and BCS regimes, we need to perform a 200-ms fast ramp to the BEC side of the Feshbach resonance. This helps to reduce the detrimental effects of collisions during the expansion, which would completely limit the visibility of the interferogram. In Figure 3(a)-(b) we present an example of the evolution of z(t) and ϕ(t) for a molecular BEC and a unitary Fermi gas, respectively. In both cases, these quantities oscillate at the same frequency with a measured relative phase shift δφ = 1.2 ± 0.2 π/2 [19] . This confirms that the imbalance z and the phase ϕ are canonically conjugated variables, probing the macroscopic phase coherence of this strongly interacting system. To understand how the Josephson tunneling depends on the interactions in the BEC-BCS crossover, we measure the Josephson frequency ω J for a fixed barrier height V 0 = 1.2 ± 0.1 E F , at different values of the interaction strength. Here we express the barrier peak V 0 in units of the Fermi energy E F of an ideal Fermi gas with the same trap potential and equal atom number. The extracted ω J values are shown in Figure 4 (a), and exhibit a non-monotonic behavior across the BEC-BCS crossover with a maximum around the unitary limit [19] . We can extract E J from the measured values of ω J combined with the computed E C : this is derived from an extended Thomas-Fermi model based on a generalized Gross-Pitaevskii equation which takes into account the proper value of the chemical potential, obtained from QMC (Quantum Monte Carlo) calculations [25] . For comparison we plot both E J and N × E C in units of E F versus the interaction parameter 1/k F a (see Figure 4(b) ). Whereas E C increases monotonically moving from the BEC to the BCS regime, E J reflects the behavior of ω J , reaching a maximum close to unitarity (1/k F a = 0). In the hydrodynamic limit, V 0 µ, a similar trend has been measured in the determination of the superfluid critical velocity across the whole crossover [26, 27] . This quantity depends on the energy spectrum of the system, which in the BEC regime is dominated by sound waves and by pair-breaking mechanisms in the BCS limit. The critical velocity increases while moving towards resonance from the BEC regime and, just before reaching the 1/k F a = 0 point, it starts to decrease abruptly, due to the emergence of the single-particle excitation branch featured by fermionic superfluids. Our measurements are instead carried out in the tunneling regime V 0 ≥ µ, and we investigate a coherent effect while avoiding the depletion of the condensate. To understand our observations we consider that, in both the BEC and BCS limits:
where N 0 is the total number of condensed pairs, and K is a tunneling term that depends on the chemical potential and the barrier properties (geometry, thickness...). In the BEC limit here investigated, the increase of E J can be understood as due to the increase of the chemical potential µ while approaching the resonance since almost all the pairs are condensed (N 0 N). However, this is not true on the BCS regime where instead N 0 /N ∝ ∆ g /E F , where ∆ g is the superfluid gap, reproducing the T = 0 Ambeogaokar-Baratoff formula for conventional BCS superconductors [6] . Toward the BCS limit, µ does not vary much with k F a, whereas N 0 decreases sharply, causing a net reduction of E J . Our results could provide an alternative way to RF-spectroscopy for the determination of the BCS superfluid gap through tunneling experiments. Interestingly, E J shows a peak value more shifted towards the BCS limit. On a microscopic level, this should be referred to the increasing robustness of the so-called Andreev-Saint-James bound states towards the unitary limit. These bound states provide the microscopic mechanism for bridging two superconductors separated by a thin barrier [7] . Accessing the properties of these states in the strongly interacting regime is an active research line from both a theoretical and experimental point of view, also for the condensed matter community [5] .
Dissipative Dynamics And Phase Slippage Mechanisms
So far, we have investigated the regime of small excitations that characterize the Josephson effect throughout the BEC-BCS crossover. In the following, we will study the regime of larger population imbalance [28] . When the initial charging energy 1/8E C z 2 0 N 2 exceeds the Josephson coupling E J the atomic system may enter the macroscopic selftrapping state (MQST) [14, 17, 22, 23, 29, 30, 31] . Here the relative phase increases as ϕ(t) ∼ E C z 0 Nt and it drives small-amplitude oscillations of z around a non-zero value at a frequency ∼ ∆µ 0 / . In our experiment, we instead observe a completely different behavior. In Figure 5(a)-(b) , we show z(t) and ϕ(t) for a molecular BEC with an initial imbalance z 0 0.23 (∆µ 0 /µ 0.19) and V 0 /µ 0.7. We observe that z displays an initial decay alongside a fast variation of ϕ in the range (−π, π). After this initial dynamics, both z(t) and ϕ(t) oscillate around zero at the same Josephson plasma frequency ω < ω x with a relative phase shift of about π/2, indicating that Josephson tunneling is indeed re-established after dissipation [28] . We point out that the initial variation of ϕ(t) is consistent with the expected running-phase evolution suggesting the emergence of the MQST state. However, in the ideal MQST the imbalance would not evolve from the initial value. The observed irreversible decay of z indicates instead the presence of dissipation mechanisms that lead to the instability of MQST [16, 19, 23, 24, 30] . The coexistence of running-phase evolution and dissipative flow closely resembles the dynamics of strongly coupled superfluid 4 He reservoirs at T < T λ [32, 33] , in which the resistive flow is established by phase-slippage processes and consequent vortex nucleation in the tunnel link. We measure a similar dynamics in the different regimes of superfluidity, as presented in Figure 6 (a)-(c). To understand how resistive and coherent dynamics can coexist, we investigate the microscopic origin of dissipation in our system by monitoring the atomic cloud in time-of-flight after adiabatically removing the barrier potential. We first note that the observed high visibility of the interference pattern at all the interaction strengths rules out the presence of pair-breaking mechanisms as the origin of the dissipative flow. This is in striking difference with respect to ordinary superconducting junctions in which dissipation typically involves the breaking of Cooper pairs [6, 34] . In turn, we observe the initial drop of z to be accompanied by the presence of vortex defects in the superfluid bulk, detected as local density depletions predominantly located within the reservoir at lower initial chemical potential (see Figure 6(d)-(f) ).
To detect vortex-defects in the crossover superfluids, we slowly sweep the interaction to the BEC side of the resonance to convert all fermionic pairs into tightly bound molecules. This procedure empties out the vortex cores and enhances the defect visibility [35] . We quantify the defects occurrence by performing count-statistics over typically 15 time-of-flight images at various evolution times during the dynamics. In Figure 6 (d)-(f) we show the time evolution of the mean vortex count N v in the same experimental conditions as in Fig. 3(a)-(c) . In all explored superfluid regimes, N v decreases following the behavior of z. The observed correlated trend of z(t) and N v (t) strongly supports the scenario of dissipation driven by vortex-induced phase-slip events [32, 36, 37] . In this picture the vortex nucleation rate γ, i.e. the phase-slip rate, is described by the Josephson-Anderson relation, γ φ/(2π) = ∆µ/h [36, 37] . For a given z 0 , N v becomes larger when approaching the weakly attractive regime, in agreement with the increase of ∆µ 0 from the BEC to the BCS regime. Our speculation is confirmed by the fact that once z(t) has dropped below a critical value, the vortex nucleation rate is reduced and pure Josephson dynamics is re-established. Whereas the nucleation rate γ is directly linked to ∆µ, the vortex lifetime is expected to be limited by the presence of the barrier that favors rapid vortex decay into sound waves [38] . Although sound waves must dissipate into heat, we do not observe any related appreciable reduction of the condensed fraction within the measurement timescale. In BEC and unitary superfluids, the number of observed vortices completely decays within ∼ 50 ms, and no vortices are typically detected in the Josephson regime. On the other hand, we observe a sporadic survival of vortices in BCS superfluids even at long evolution times (see Fig. 6(f) ). Even though we lack a complete understanding of this feature, this may result from the combination of the higher nucleation rate and the different effective mass and core-size of vortices in the crossover region [19, 39] . We characterize the nature of these defects by letting them oscillate in the trap in absence of the barrier potential. The trapping potential induces indeed an oscillatory dynamics whose period depends on the features of the crossover superfluids. In the experiment we measure a substantial increase of the vortex period when moving from the BEC to the BCS limit [39] . This is consistent with the defect being a solitonic vortex, since its period is expected to follow the trend of the chemical potential across the BEC-BCS crossover. Our observations agree with numerical simulations of superfluids connected through a barrier [29, 30, 40] . It is predicted that in a three-dimensional link phase slips arise from vortex rings nucleated within the barrier at the edge of the atomic cloud and oriented perpendicular to the flow [29, 32, 40] . The combination of low density and inhomogeneity in the junction region causes the vortex core to cross the junction region, shrinking radially in size, thereby leaving behind a phase slip [40] . We perform numerical simulations of our system dynamics using the T = 0 Extended Thomas-Fermi model (ETFM) in both the BEC limit and at unitarity [41] , reproducing qualitatively such vortex dynamics and the observed evolution of z(t). For our large reservoirs and thin barrier, the nucleated vortex rings shrink and escape the barrier region before self-annihilation, explaining our evidence of vortices in the bulk. The vortex shedding leads to the dissipative decay of z, and is favored by the multimode character of our junction. Experimentally, we observe defects predominantly oriented along the tighter confining trap axis, i.e. the imaging line-of-sight (see Fig. 6(d)-(f) ). This is consistent with the instability of vortex rings towards breaking up into vortex lines in a radially asymmetric trap with ω y < ω z [35] , assisted also by the slow barrier removal prior to imaging.
We can describe our junction with an equivalent circuit made of three parallel elements, namely a Josephson weak link with a current-phase relation I s = −I C sin(ϕ), a shunt resistance R and a LC series. This model (Resistively Shunted Josephson junction, RSJ) has been originally proposed for describing superconductive Josephson junctions in the presence of dissipation [6, 42, 43] . The current/phase time evolutions are given by the following two differential equations [6] :
where we introduce the analogue of the electric charge k = zN/2 whose time-derivative gives the particle total current I. Eq. (5) is the Kirchhoff's voltage law and Eq. (6) is the generalized Josephson-Anderson relation for the phase. By numerically solving Eq. (5) and Eq. (6), we can obtain z(t) and ϕ(t). We fit the measured evolution of z with the calculated one, leaving R and I c as fitting parameters. In particular, we extract the values of the conductance
as a function of V 0 /µ for the different superfluids (see Figure 7) . We observe that G decreases while increasing V 0 , in an almost exponential fashion as expected due to the reduction of the tunneling strength. It is interesting to note that the conductance of an attractive Fermi gas in the normal phase at 1/k F a = −1 lies well below the one of the BCS superfluid, suggesting a different microscopic mechanism dominating the conduction across the barrier, most likely associated with single-particle, incoherent, tunneling.
Finally, we access a completely different dissipative regime by further increasing the relative imbalance between the two reservoirs. In Figure 8 (a)-(c) we show typical evolutions z(t) for unitary gases (1/k F a 0) at three different values of ∆µ 0 /µ with V 0 /µ 0.9. We observe that the increment of ∆µ 0 /µ leads a dissipative flow that tends to irreversibly equilibrate the two reservoirs. At large enough imbalance (∆µ 0 /µ ≈ 0.2) the visibility of the Josephson oscillations is lost. At the same time, we measure N v (t) varying ∆µ 0 /µ (see Figure 8(d) ). The increase of the relative imbalance leads to the increase of γ and therefore of N v . The disappearance of Josephson oscillations seems to indicate that the coherent coupling between the reservoirs is irreversibly affected by phase-slip proliferation [32] . We speculate that the presence of several vortices interacting nearby the barrier creates a local turbulent pad region [44, 45] , where the superfluid density is locally suppressed. Nevertheless the saturation of the vortex production rate may arise from vortex reconnections and their mutual interactions [45, 46] . This is also corroborated by the observation that the lifetime of vortices depends on the presence of other defects in the condensates: higher N v faster is the decay time (see Figure 8(e) ). On the other hand, the vortices proliferation and their mutual interaction may locally scramble the relative phase ϕ between the two reservoirs, thereby reducing the coupling between the condensate wave-functions. This corresponds to an effective reduction of the Josephson tunneling energy E J akin to thermal fluctuations in superconducting junctions [7] . It is important to note that our observations cannot be ascribed to an increase of the sample temperature, since the condensed fraction in the BEC regime remains above 0.7, limited only by the intrinsic lifetime of the gas.
CONCLUSIONS
In conclusion, we have observed the Josephson effect between two fermionic superfluids, weakly coupled through a thin tunneling barrier. For all interaction regimes, we have measured coherent oscillations of both the pair population imbalance and the relative phase, demonstrating that they are canonically conjugate dynamical variables throughout the crossover from the molecular Bose-Einstein condensate (BEC) to the Bardeen-Cooper-Schrieffer (BCS) superfluid regime. Furthermore, we have investigated the emergence of phase-slip-driven dissipation in the dynamics across the junction. Our studies extend the phase-slippage picture of dissipation, typical of liquid helium and certain superconductors, to strongly correlated atomic Fermi gases. Our studies represent the first step towards the investigation of the interplay between dissipative and superfluid transport in strongly correlated fermionic systems.
